Introduction
This report summarizes the study of the tolerance limits on the assembly of the cathode and the Pierce electrode for the DARHT-II diode (2.5 MV, 2 kA case), performed through a series of computer simulations using the PIC code WARP [1] . We have considered sources of beam quality degradation like the errors in axial and transverse positioning, and the size of the radial gap between the cathode and the Pierce electrode (shroud). The figure of merit was chosen to be the RMS beam (edge) emittance at a distance of 1 meter from the cathode, as defined by The analysis shows that to position the cathode at the correct axial and transverse location is more important than the size of the radial gap.
Diode Geometry
The diode geometry is described in Figure 1 . 
Electrostatic fields
The fields for the proposed 2.5 MV, 2 kA diode are essentially the same as in the original 3.2 MV, 2 kA diode, i.e., peak fields of 140 kV/cm on the anode and 120 kV/cm on the cathode as shown in Figure 2 as calculated from EGUN [2] . Figure 2 EGUN simulation of (top) original and (bottom) proposed diodeIntroduction The effect on the beam quality due to errors in axial positioning and the size of the radial gap between the cathode and the Pierce electrode were considered during the initial design of the DART-II diode. Figure 3 shows the effect on the beam dynamics due to a radial gap, and a protrusion or recession of the cathode relative to the Pierce electrode. The figure of merit was chosen to be the beam (edge) emittance. The analysis showed that it is more important to position the cathode at the correct axial location than the size of the radial gap. Figure 4 shows the effect on the emittance due to the assembly errors considered. The model used to obtain the original results (EGUN simulations) did not include emission from the radial surface being exposed by the radial gap or the protrusion. A new set of calculations using the particle-in-cell code WARP, that are the subject of this report, include emission from radial surfaces (and sharp corners), as well as higher resolutions obtained by using mesh refinement methods.
One has to keep in mind that a change in the geometry of the diode changes the amount, and distribution, of the current emitted, as well as the beam dynamics as the beam propagates down the beam line. As an example, Figure 5 shows the change in emittance and envelope profile that occurs when the cathode is receded 80 mils with respect to the nominal shroud location which produces a current drop of 100 Amperes
We define the nominal location of the cathode relative to the shroud, for the case of no radial gap, when the edge of the cathode and shroud coincide. 
3.2
Since we want to study the effect of mi ts on the quality of the extracted beam, ne has to define a baseline geometry that will be used to quantify the effect. In the case and no aperture (closed system), it is well
Nominal diode geometry and FOM salignmen o of a two-dimensional diode (slab geometry) known that the Pierce solution geometry generates a laminar beam with zero emittance; but in relativistic, axially symmetric systems with a big aperture, there are no (known) solution that generates a laminar beam with zero emittance; therefore there is no "ideal" solution that we can take as reference. The best we can do is to design a diode that extracts a beam that meets the requirements of current, voltage, envelope size and emittance at certain point in the beam line, and design the downstream section in such a way as to maintain the beam quality within prescribed limits For the DARHT-II diode, we take as the reference, the nominal diode geometry as described in Figures 1 and 6 . e lower the mittance the better the beam quality. Although the RMS emittance is a good parameter lar beam components whose behavior departs from the general end of the beam should be avoided; these components are known as "translaminar" emittance at a distance of 1 meter from the cathode, where th e to use as FOM, it may happen that another configuration with a higher emittance at the given location may generate a better beam quality when propagated for a longer distance downstream. We will find this kind of situation with geometry configurations where the cathode is protruding.
In general, the density distribution in the radial direction of the beam has to be as uniform as possible. In particu tr 7 components, and they are generated by errors from an otherwise nominal geometry. Figures 7 and 8 show translaminar components generated by a receding and protruding cathode respectively.
The FOM should be qualified therefore by minimizing the amount of translaminar current. 
Cathode receding/protruding relative to nominal location with respect to shroud
The nominal location of the cathode relative to the shroud, for the case of no radial gap, is when the edge of the cathode and shroud coincide. Due to assembly errors and heat expansion effects, the cathode may end up either receding or protruding relative to the nominal position by ±20 mils. Figures 9 (a,b,c) show the emittance, the current and the radial envelope along the diode axis for several cathode-shroud distances from the nominal location. protruding from the nominal shroud location.
As was discussed in Section 3.2, the fact that the emittance for the cases of protruding cathode is consistently lower than for the baseline case does not imply that these ns will generate a better beam quality when propagated for a longer dis downstream. Protruding (Figure 8 ) or receding (Figure 7) cathode configurations inar components which are not matched to follow the envelope of the in body of the beam and therefore will give rise to higher emittance values at s . This is apparent in Figure 4 where the protruding case goes from er emittance than the nominal case as the beam propagates do
In fact the amount of translaminar current generated by the non-nominal geom for the receding than for the protruding cases. A 40 mil receding geom peres and a 40 mils protruding geometry generates 6.6 Ampere
We could then have as the most reasonable conclusion from presented in Figure 9 (a,b,c) , that an error in the axial position of the cathode relative to electrode of say, ±20 mils will increase the normalized (edge) emittance of am by about 50 π-mm-mr (out of 250 π-mm-mr), increase (protruding) or decreas ceding) the current by about 50 Amperes, and increase (protruding) or decreas ze by about 2 mm.
Radial gap between cathode and shroud
In order to prevent the hot cathode to lose heat to the Pierce electrode, there is a need to rovide a gap between them. A relatively large gap of ~60 mils in cold conditions, and he nominal location of the cathode relative to the shroud, for the case when there is s. p 40 mils in hot conditions, should provide enough clearance to make sure that the cathode does not touch the Pierce electrode, when we take into account assembly errors and uncertainties in heat expansion effects.
T need to have a radial gap, is obtained by starting from the nominal geometry (see Section 3.2) and removing material from the Pierce electrode to generate the gap without changing its location or shape. Figures 10 (a,b,c) show the emittance, the current and the radial envelope along the diode axis for several cathode-shroud radial gap 
Cathode transverse offset
The relatively large gap of ~60 mils in cold conditions, that provides enough clearance to make sure that the cathode does not touch the Pierce electrode, also introduces the risk of further errors in the transverse positioning of the cathode, which will break the rotational symmetry of the assembly.
WARP calculations in three dimensions are computationally quite expensive to perform; furthermore, some beam parameters like the emittance are quite sensitive to the computational mesh used. This makes a one-to-one comparison between the RZ calculations and the XYZ calculations very difficult to make. Therefore, we have chosen to show the relative beam quality degradation by comparing only XYZ calculations. 
Conclusion
In order to quantify the relationship between the amount of translaminar current and the increase in emittance, additional analysis is required; the beam should be followed to the end of the machine, and the beam degradation quantified. Since this type of simulation cannot be done in a single self consistent calculation, a mixture of 3D, RZ and XY-slice calculations must be used
Heat analysis of the diode system has shown [3] that locating the cathode receded by 20 m h gap is reduced to 40 mils, whic eam quality by a small amount (negligible emittance increase and the emission of 3.2 Amperes of translaminar current). The radial gap should provide enough clearance to ensure that the cathode does not touch the Pierce electrode. Also a 20 mils transverse position tolerance (half the radial gap in hot conditions) should limit the beam degradation to about 20% increase in emittance.
In conclusion, the recommended cathode position in hot conditions is the nominal axial location, the radial gap should be less than 40 mils and the radial offset less than 20 mils (half the radial gap). The tolerance should be within 4 mils. ils and allowing a 60 mils radial gap in cold conditions, will end up with a geometry in ot conditions where the cathode is located at the nominal axial location and the radial h will degrade the b 14
